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1. Introduction {#s0005}
===============

The pandemic diseases have been some of the most distressing happenings in the history of mankind. The Black Death sponged about one-third of the total European population and the Spanish Flu in 1918 affected more human beings than the entire victims of the 1st World War ([@bb0110]; [@bb0115]; [@bb0120]; [@bb0135]; [@bb0150]; [@bb0180]; [@bb0185]; [@bb0235]; [@bb0255]; [@bb0280]; [@bb0330]). The epidemic outbreak of Swine Flu, Zika, and Ebola Virus had caused worldwide panic, while the outbreak of novel coronavirus (nCoV) and Middle East Respiratory Syndrome (MERS) caused severe loss of human life and economic value ([@bb0020]; [@bb0050]; [@bb0070]; [@bb0115]; [@bb0145]; [@bb0215]; [@bb0235]; [@bb0315]; [@bb0425]).

Human beings already facing significant global challenges of water scarcity, food security, and climate change ([@bb0155]; [@bb0165]; [@bb0160]; [@bb0415]), came under a swear attack of epidemic COVID-19 in December 2019, in Wuhan, a city of China ([@bb0060]; [@bb0075]; [@bb0395]). Initially, the virus was acknowledged by the Chinese health care administration as of January 07, 2020 ([@bb0275]). The COVID-19 also entitled as novel coronavirus causes severe respirational problems in effected patients ([@bb0060]; [@bb0075]; [@bb0400]).

The virus spread from Wuhan city of China and affected more than 210 countries and territories of the world ([@bb0395]; [@bb0430]). Although, most of the novel COVID-19 cases indicate mild symptoms and recover from this disease due to early precautionary measures and self-immunization systems ([@bb0195]). Yet many cases are reported with severe symptoms which caused a high number of deceases in many parts of the world i.e. Italy (15,887), Spain (13,055), USA (9624), France (8078), UK (4934), Iran (3739), China (3331), Malaysia (62), India (118) Hong Kong (4), Thailand (26), and Pakistan (50) with a varying number of closed cases outcomes ranging from 0.4 to 50% ([@bb0170]; [@bb0375]).

COVID-19 spreading continuously and created one of the biggest panics of the 21st century with a lockdown of more than 6 billion people of the planet. The virus is considered as one of the most lethal invisible enemies known to the human being, where its fast transmission mechanism remains inadequately understood ([@bb0020]). Many contagious epidemics occur and wane away with a change in the weather. Flu and other seasonal diseases such as norovirus vomiting bug, pneumonia come in winter. Other diseases, such as typhoid and summer fever, be likely to peak for the period of the summer season. The infection of Measles cases declines in the temperate climatic regions during the summer seasons, while the infection spread peaks in the tropical regions especially in the dry period ([@bb0020]; [@bb0070]; [@bb0105]; [@bb0110]; [@bb0135]; [@bb0175]; [@bb0185]; [@bb0200]; [@bb0270]; [@bb0280]; [@bb0285]; [@bb0315]).

The thrilling weather condition and influence of temperature variation also triggered the spread of the West Nile virus in the European world ([@bb0050]; [@bb0235]; [@bb0425]). Researchers are interested in knowing whether there will be any similarity with the fast spread of COVID-19 or otherwise. Ever since it was first identified in mainland China in the mid of December 2019, the virus has spread very abruptly, with the number of cases increasing more severely in cooler regions such as European and North American countries. Many weather condition can be well-thought-out as the top forecasters of respiratory syndromes such as SARS. Hydro-meteorological variables can also have a direct association between coronaviruses and humans being via biological interaction. Climate parameters may have a link with the fast transmission rate of COVID-19 ([@bb0025]; [@bb0035]; [@bb0265]; [@bb0300]). Optimum climatic parameters such as temperature, wind speed, relative humidity, and precipitation can be considered as leading variable activating the existence and diffusion of the viruses. Furthermore, weather changes and regional climate are also verily associated with the pneumonia fatalities ([@bb0050]; [@bb0145]; [@bb0220]; [@bb0225]; [@bb0250]; [@bb0320]; [@bb0340]; [@bb0380]; [@bb0390]; [@bb0420]; [@bb0425]).

Numerous major pandemic outbreaks have occurred in the regions where the weather intensity is extremes, leading to rumor that the pandemic might begin to decline with the influx of change in weather. Generally, the largest contiguous syndromes outbreak in the regions of cooler weather, leading to the theories that high temperatures might begin to the tail of in the summer season. It remains uncertain whether or not high temperatures of certain degrees would successfully eradicate the COVID-19, according to experts. In the meantime, COVID-19 is a new virus and no research to prove these theories so far from validation. Research on regional weather parameters and COVID-19 is also quite limited. The following study opens new ways to understand and prevent the spread of COVID-19 with its relation to climatic conditions and related parameters.

2. Materials and methods {#s0010}
========================

2.1. Study area {#s0015}
---------------

The study is accompanied by the countries and territories of the entire world. Computerized data of the COVID-19 cases until 5th June 2020 was obtained from the official health department sources of all countries as well as from the world info meter of COVID-19 (<https://www.worldometers.info/coronavirus/>). [Fig. 1](#f0005){ref-type="fig"} shows the heat maps of confirmed cases, death cases, cases per million population, and death per million population as of 5th June 2020 over 210 countries and territories of the world. Furthermore, data of death cases, closed outcomes cases, cases per million population were also obtained from similar sources. Regional daily and monthly average climatological parameters of each country were obtained from the concerned meteorological stations and different international organizations to include World Meteorological Organization (<https://www.wmo.int/datastat/wmodata_en.html>), NASA Earth Observatory (<https://earthobservatory.nasa.gov/>), NASA Earth Observations (NEOs) (<https://neo.sci.gsfc.nasa.gov/>), Climate data guide (<https://climatedataguide.ucar.edu/climate-data>), Climate data online (<https://www.ncdc.noaa.gov/cdo-web/>), Global climate change (<https://climate.nasa.gov/>), and Monthly climate reports (NOVA). Monthly average temperature and daylight hours were calculated by averaging the daily based value. Furthermore, an overall average from January 2020 to May 2020 was calculated to find the correlation between climate parameters and COVID-19 spread. A simple linear association of the reported cases of COVID-19 and metrological parameters was drawn.Fig. 1The pandemic of COVID-19 over the entire world as of 5th June 2020, (a) total reported cases worldwide, (b) reported death cases worldwise, (c) reported cases per million population, and (d) reported death cases per million population.Fig. 1

2.2. Statistical analysis {#s0020}
-------------------------

The coefficient of determination (R^2^) was applied to analyze the association among regional climatological parameters with average data of high temperature, low temperature and day light hours with total and death cases of COVD-19 reported until 5th June 2020. R^2^ is an estimator used for the analyzing the mutual association among two different data sets. It indicates that how one set of data set is well associate the flow of other data sets. It shows the level of variability among data sets.

3. Results and discussion {#s0025}
=========================

The occurrence of total cases and death cases, on the timeline, reported in the different countries of the world is shown in [Fig. 2](#f0010){ref-type="fig"} . The number of COVID-19 cases increases at an exponential rate from the 1st case identification to the selected study period i.e., 5th June 2020. Some countries show a very rapid increase in the COVID-19 transformation despite their better socioeconomic condition and value of life. Most of the cooler regions especially European and North American countries show a rapid increase in the COVID spread. USA, Italy, Spain, France, Germany, UK have a fast spread of COVID cases than India, Pakistan, Bangladesh, Indonesia, and Malaysia despite their better quality of life. Countries like Pakistan, India, Bangladesh, Indonesia are relatively warm and humid countries (together they account for 25% of the world population) but have slow growth of COVID-19 cases. The virus does not multiply outside the living bodies but the contagious virus may retain on different surfaces where the duration of retention of the virus is influenced prominently by local weather conditions. Unclean surfaces, weather conditions, and human mass gatherings are notorious to be momentous vectors in the profligate contagions in the community and regions. The COVID associated to human beings with the seasonal flu and common cold was testified to remain workable only for a short duration of 3 h on the different surfaces in an arid environment, though it remains workable for more duration in humid environment Influenza and RSV viruses reported viable for 2 and 6 h respectively after drying on surfaces ([@bb0030]; [@bb0040]; [@bb0100]; [@bb0235]; [@bb0425]). Human coronavirus (229E) on aerosolized shape is mostly less stable in high humidity and temperature ([@bb0020]; [@bb0055]; [@bb0070]; [@bb0135]; [@bb0145]; [@bb0210]; [@bb0220]; [@bb0230]; [@bb0245]; [@bb0250]; [@bb0260]; [@bb0285]; [@bb0290]; [@bb0305]; [@bb0340]; [@bb0355]).Fig. 2Total coronavirus cases in different countries of the world (a) Total confirmed cases per million population and (b) total death cases per million population by COVID-19.Fig. 2

In the present study, the authors suggested that the COVID-19 virus can stay alive after drying at a daily high temperature and in humid condition for at least two weeks. In a liquid substance, SAR-COV-2 can be stable up to 3 weeks at room temperature but can be killed easily at the high temperature of 56 °C up to 15 min ([@bb0005]; [@bb0080]; [@bb0085]; [@bb0205]). Therefore, results revealed that coronavirus is a more stable pandemic that can transmit by indirect contact or fomites. Moreover, this situation revealed that tainted surfaces can show a vital role in the fast diffusion of infection in the local community, isolation centers, and hospitals. The present study revealed that unswerving droplet transmission is a more dangerous and important route of virus broadcast from the infected carrier. Moreover, fomites and environmental contaminated aerosols may perhaps play a foremost role in the fast-spreading of the virus. In nutshell, fomites may be a strong source of fast transmission of the virus. Besides, to avoid from droplet transmission, frequent hand washing for at least 20 s is recommended by WHO ([@bb0005]; [@bb0015]; [@bb0105]; [@bb0145]; [@bb0180]; [@bb0205]; [@bb0200]; [@bb0215]; [@bb0270]; [@bb0290]; [@bb0295]; [@bb0345]; [@bb0390]; [@bb0420]).

A present study, revealed that climate parameters i.e. high temperature, as well as higher relative humidity, have a significant effect on in-activation of COVID-19 transmission while low relative humidity and low temperature support the prolong survival of COVID-19 virus on infected surfaces (i.e. wood, metal, and glass) ([@bb0055]; [@bb0070]; [@bb0105]; [@bb0110]; [@bb0135]; [@bb0175]; [@bb0210]; [@bb0245]; [@bb0285]; [@bb0315]; [@bb0355]).

Furthermore, another study has shown that during the pandemic outbreak, the daily infected cases of COVID-19 were 18.18 fold higher in days with a lower air temperature versus higher temperature days i.e. Hong Kong and another part of the world. Collectively, this observation may be described that why some Asian countries in the tropical region (at high temperatures with higher relative humidity) i.e. Malaysia, Thailand, and Indonesia are less affected by a coronavirus. COVID-19 virus can stay alive for two (2) weeks in low humidity and low-temperature conditions which maybe guide the fast virus diffusion in the respective country as in Hong Kong which track down in subtropical zone ([@bb0010]; [@bb0020]; [@bb0045]; [@bb0050]; [@bb0230]; [@bb0325]; [@bb0340]; [@bb0360]).

Moreover, other ecological aspects i.e. day sunlight, average maximum temperature, and the average minimum temperature had shown association with coronavirus pandemic disease outbreak transmission rate. The dynamic nature of this pandemic disease also involves multiple other factors i.e. out-door and indoor environment, physical properties of virus (i.e. shape, size), space, hygiene and genetic changes in different regions. Some authors find changes in shape in the size of the virus in a different region of the world ([@bb0140]; [@bb0190]; [@bb0305]; [@bb0370]; [@bb0385]).

[Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"} show the association of meteorological parameter and COVID-19 total and death cases. Average low temperature, average high temperature and daylight hours show a stronger relationship with the total number of reported cases than death cases in different countries of the world. The study provides a picture of COVID-19 cases against meteorological conditions globally. The study observed a positive linear correlation among total COVID-19 cases and average high and low temperatures with a coefficient of determination of 0.4016 and 0.4668, respectively, while a linear correlation among total COVID-19 death cases and average high and low temperatures with a coefficient of determination of 0.1987 and 0.3008, respectively. Furthermore, a positive linear correlation was also observed among average daylight hours and total COVID reported cases with a coefficient of determination of 0.3698 and death cases with a coefficient of determination of 0.4834. This association is supported by the previous studies which show the relationship between regional meteorological conditions and transmissions of different contagious diseases such as common cold flu and human coronaviruses ([@bb0095]; [@bb0185]; [@bb0210]; [@bb0225]; [@bb0250]; [@bb0305]; [@bb0310]; [@bb0315]; [@bb0405]). Conversely, to our study of COVID-19 which outbreak in winter season in Wuhan City, China, [@bb0020] reported that the fast spread of novel coronavirus, MERS-CoV which outbreak in summer season in Riyadh is increased with high temperature, low wind speed, as well as the high ultraviolet index, and low relative humidity.Fig. 3Total COVID-19 cases per million population and climatic factors, (a) Total cases per million population and average high temperature, (b) Total death cases per million population and average low temperature, and (c) Total cases per million population and average daylight hours.Fig. 3Fig. 4Shows relationship between COVID-19 cases per million population in the different countries of the world until 5th June and climatic parameters (a) average low-temperature vs a total number of death cases per million population, (b) average high temperature vs death cases per million population, (c) average low-temperature vs total number of reported cases per million population (d) average high-temperature vs total number of reported cases per million population (e) average daylight hours vs total number of death cases per million population, and (f) average daylight (hours) vs total number of reported cases per million population.Fig. 4

Furthermore, we have explored the linear correlation between ambient temperature and infected total confirmed COVID-19 cases with the help of the coefficient of determination model. The average daily temperature and daylight hours for the study period from 1st COVID case detection to the 5th June shows the positive linear relationship in the different countries of the world, indicating that as the local weather conditions altered the transmission of the virus may be declined. Previous studies have shown that local weather condition such as temperature, humidity, and precipitation is also a vital aspect in the existence and broadcast of other coronaviruses, like influenza viruses, retroviruses, MERS, poxviruses, Severe acute respiratory syndrome (SARS), and paramyxoviruses ([@bb0020]; [@bb0040]; [@bb0140]; [@bb0175]; [@bb0190]; [@bb0205]; [@bb0200]; [@bb0210]; [@bb0215]; [@bb0285]; [@bb0305]; [@bb0315]; [@bb0335]; [@bb0405]). Previous studies were only confined to a single country and smaller region, but the following study analyzed the most countries of the world.

Some studies conducted in Hong Kong, Beijing, Guangzhou and Taiyuan on SARS cased and conclude that 16--28 °C temperature is optimum. While, other studies found the negative relationship of temperature and SARS transmission in both countries Beijing and Hong Kong during 2003 ([@bb0005]; [@bb0070]; [@bb0080]; [@bb0115]; [@bb0215]; [@bb0305]). [@bb0065] found that viruses were inactive more rapidly at 20 °C than 4 °C.

Furthermore, [@bb0365] perform the test in the laboratory for coronavirus laboratory testing on coronavirus and revealed that virus was stable for 5 days on a smooth surface in between −25 °C to 22 °C but its visibility swiftly vanished at high temperature e.g. 38 °C and above. [@bb0125] also revealed that virus MERS-CoV was also not as active at high temperatures. Moreover, many other studies revealed that moderate temperature range is optimum and feasible for coronavirus growth and expansion but in high temperature, was harmful to it viability and also help in the reduction of its spreading ([@bb0240]). Therefore, further laboratory testing and experiments are also dire need to be done further strengthen of this myth ([@bb0090]; [@bb0365]; [@bb0350]). In Pakistan and many other countries are having long and hot summer so it might be a chance of less effected by COVID-19.

In nutshell, minimum temperature or below 3 °C in the winter season leads to high risk for its fast transmission in those countries, which are having long and cold winter. This provides very remarkable information for policymakers, may be COVID-19 exist for a long time until the development of a proper and effective vaccine ([@bb0230]; [@bb0250]; [@bb0325]; [@bb0340]; [@bb0360]; [@bb0380]). There are some limitations, i.e. we did not analyze the results in subgroup bases, i.e. gender, different age ranges, due to maximum missing information worldwide.

Without a proper vaccine, social distancing is the only new norm adopted to reduce the transmission effect of COVID-19. When a few cases of COVID-19 have been reported than every country announces the lockdown and SOP of social distancing. [@bb0410] reported that the implementation of social distancing rules and regulations is a challenge due to its various norms of society, i.e. social and religious activities, annual hosting of various festivals, national and international festivals, and religious mass gatherings.

Moreover, it has been confirmed that the COVID-19 can spread through droplets created by infected human coughing or sneezing or touching. To overcome the droplet infection rate, 1.83 m distance for social distancing is recommended, which is based on assumptions. However, no study was conducted yet on droplet transmission in the air (wind) and relative humidity (RH). [@bb0130] validated computational fluid-particle dynamics (CFPD) model to simulate the transient transport, condensation/evaporation, and deposition of SARS-CoV-2 laden droplets (2--2000 μm) emitted by coughs, with different environmental wind velocities (0--16 km) and RHs (40% and 99.5%). The social distances were maintained at 1.83 and 3.05 m (6 and 10 ft). The facial covering effect is also under investigation. Numerical results revealed that micro-droplets can travel in the air more than 3.05 m distance. RH also helped in increasing the droplet size. Moreover, it is concluded that, within complex environmental wind and RH conditions, social distancing policy of 1.83 m (6 ft) is not sufficient to protect the person. Coughing or sneezing droplets of an infected person can infect the other human in less than 5 s. Therefore, a social distancing longer than 1.83 m (6 ft) needs to be considered.

Some countries i.e. Australia, USA, Italy, France, the UK, and Europe having a high literacy rate and quality of life as compared to other under developing countries i.e. Pakistan and India. Without proper social distancing and wearing masks, per million effected cases and per a million deaths are less in Pakistan and India because both countries have a high temperature in March--June as compare to other countries. Australia is having a high population density at its habitat area because in the mid of Australia, there is a desert and very less population density is there. On the other hand, populated areas are under moderate climate conditions, which cause a high/less number of COVID-19 cases.

4. Conclusion {#s0030}
=============

This study explored the effect of native weather disorders on the fast spread of COVD-19 worldwide. The novel coronavirus is convincingly influenced by the local weather conditions in the different parts of the world from their 1st case identification to the 5th June 2020. The spread of the COVID-19 appears to be faster in cooler regions. The average temperature and daylight hours have shown a positive association towards the spread rate of COVID-19. Hence, regional meteorological parameters (aerosols, maximum and minimum temperature, day length, etc.) are among the contributors to the fast spread of coronavirus over most countries of the world. This study gives evidence that the fast spread of cases of COVID-19 could diminish when the local weather conditions become warmer. Most of the Asian countries have a high temperature in May--June, they have shown less number of affected cases per million population i.e. Vietnam, Laos, Pakistan, India, etc. This study suggest that along with proper management such as social distancing and hand washing, long summer may also slow down the spread of pandemic disease. This study provides useful inferences for health departments and decision-makers in defeating and understanding the fast spread of COVID-19.
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